Introduction
UNAIDS estimates that 3.4 million children under the age of 15 years are currently living with HIV infection; 91% of these children reside in sub-Saharan Africa [1] . HIV infection in children progresses rapidly without treatment Á over half of the HIV-infected children in Africa die by the age of two years if they do not receive antiretroviral therapy (ART) [2] . Highly active antiretroviral therapy (HAART) results in marked survival benefits for HIV-infected children [3] . However, at the end of 2011, only 28% of the 2 million children in need of treatment were receiving it, compared to 57% in adults; in many countries, the disparity between paediatric and adult access to treatment is even greater [1Á4] . There are multiple bottlenecks that limit paediatric treatment, including poor access to early HIV diagnosis in infants, lack of health care centres and providers equipped to deliver paediatric treatment, limited availability of paediatric drug formulations and the high cost of such formulations, the complexity of adjusting dosing as a child ages and weak systems for patient retention.
To date, data are limited with regards to the structure and outcomes of paediatric HIV care and treatment programmes in resource-constrained settings. Understanding the availability of clinical management resources as well as the application of prevention, diagnosis and treatment standards is necessary to provide a context for observational cohort studies. In turn, such studies are necessary to optimize programme development, and to improve patient access and outcomes. While information about local or national programmes may be available, the indicators used are not necessarily comparable between countries or across regions [5Á7] . Large data gaps on the numbers of children living with HIV and those who meet criteria for treatment initiation [8] make it even more difficult to project the level of additional resources needed to deliver paediatric HIV care.
The International epidemiologic Databases to Evaluate AIDS (IeDEA; www.iedea.org) is a global network that includes paediatric cohorts located in Asia; the Caribbean and South America; and Central, East, Southern, and West Africa [9, 10] . IeDEA provide a unique platform to evaluate the health systems that support prevention, care and treatment in some of the most experienced paediatric HIV cohorts in these regions [11, 12] . A global survey was conducted in 2010 to determine and compare the resources and care structures of paediatric ART programmes across the IeDEA regions.
Methods
Site assessment tool Regional investigators developed and standardized a site assessment tool that included questions regarding site resources, clinical practices and access to drugs and laboratory monitoring for adult, paediatric and combined adultÁ paediatric clinical settings. Sites that had either paediatriconly or combined paediatricÁadult programmes were asked to respond to 253 questions regarding general programme resources and clinical management (N0110), general cancer diagnostics and management (N 044), paediatric-specific information (N061) and paediatric cancer diagnostics and management (N038). Multi-lingual versions of the site assessment tool were implemented using the REDCap (Research Electronic Data Capture) system, a secure, webbased application designed to support data capture for research studies (project-redcap.org). REDCap was developed at the Vanderbilt Institute for Clinical and Translational Research. It provides an interface for validated data entry, audit trails for tracking data manipulation and automated import and export procedures to common statistical packages [13] . Separate REDCap databases were created for each of the participating regions and could be completed directly online or transferred from paper copies.
Data collection
Regional data centres coordinated distribution to and completion of the survey by the sites. Clinical site investigators affiliated with the IeDEA regional networks were primarily responsible for completing the surveys. Data collection was completed by January 2010. Sites in Southern Africa had completed a comparable regional survey between January and March 2009, and data from that survey were entered into the IeDEA assessment tool, as appropriate. Additional data on antiretroviral drug access from Southern Africa were collected in April 2009. In the event that key data were missing from the Southern African survey, their sites were asked to answer additional questions during the analysis phase. All data were entered and merged into the REDCap system before analysis.
Analysis
Site survey data were received from the five IeDEA regions that had active paediatric HIV cohort databases: Asia, Central Africa, East Africa, Southern Africa and West Africa. For the purpose of analysis, only individual clinical sites that were actively contributing individual patient data to their regional paediatric cohort at the time of the assessment were included.
Ten data categories were selected a priori for analysis, including basic site characteristics, clinical service provision, availability of laboratory services, prevention of mother-tochild transmission (PMTCT) interventions, HIV diagnostic testing, access to and use of antiretroviral drugs, management of tuberculosis (TB), prophylaxis for Pneumocystis jiroveci pneumonia, malaria management, and follow-up and transfer practices. Categories were selected based on clinical and programmatic relevance. Site-level responses were evaluated for inconsistencies and sent to the IeDEA regional paediatric representatives to coordinate an additional quality control check, as needed. The corrected individual data summaries were combined to produce a regional-level data summary report.
Results

Programme characteristics
Data were collected from all 63 sites contributing data on 64,762 children exposed to and/or living with HIV to the IeDEA cohort for regional and multiregional analyses. This included 10 clinics/sites in Asia, 4 in Central Africa, 29 in East Africa, 10 in Southern Africa and 10 in West Africa ( Table 1) . The majority were public government-run clinics (73%) in urban settings (65%), providing care in combined adultÁ paediatric clinics (57%). Clinics received core programme and clinical support funding through multiple sources, including their own local governments (N051, 81%), research grants (N036; 57%), the US PEPFAR programme (N034, 54%), the Global Fund (N015, 24%) and patient fees (N09, 14%). None of the sites required patients to pay for first-line ART; two sites in West Africa required partial payment for second-line ART.
The median upper age limit of children attending the clinic ranged from 14 years at participating sites in East Africa to 18 years in Asia and Southern Africa. The median number of half-day clinic sessions per week dedicated to children ranged from one in East Africa to 10 in Southern African sites; paediatric care provided during mixed adultÁpaediatric clinics is not reflected in this response. Direct food assistance was uncommon in Asia (30%) but available for malnourished children in almost all East African sites (93%). Across the regions, half of the sites had support groups for children, and most offered disclosure counselling for caregivers (81%) and children (71%).
After a missed clinic visit, sites utilized phone calls (83%), home visits by clinic staff (21%) and home visits by outreach workers (71%) to track patients and reschedule appointments, when feasible. Loss to follow-up was defined as !3 months of lost contact for 25 (40%) sites, !6 months for 27 sites (43%) and !12 months for 6 sites (10%). The reasons reported by sites for patient loss included nondisclosure to family or neighbours (19%), death (35%) and lack of financial resources within the family to sustain regular care (44%).
Outside of East Africa, PMTCT programmes were less commonly embedded into clinical care. Maternal antiretroviral regimens varied among sites and ranged from single-dose nevirapine at delivery to triple-drug ART. Infant care after delivery most commonly included post-natal antiretrovirals (79%), early infant diagnostic testing (79%) and co-trimoxazole prophylaxis until infection status was confirmed (81%). Sites reported their most commonly recommended infant feeding approaches, with 63% preferring exclusive breastfeeding through to 4Á6 months of age, and 21% preferring formula/replacement feeding at the time of the survey.
Co-infection prophylaxis and management PCP prophylaxis was not discontinued in children on therapy at some sites within the African regions (e.g., 86% in East Africa, 20% in West and Southern Africa), while all Asian sites stopped co-trimoxazole after immunologic improvement on ART. With regards to malaria, most (70%) African sites reported that they used blood smears for diagnosis. Available diagnostic testing for paediatric TB included skin testing (33%), chest x-ray (89%), acid-fast bacilli smear (67%) and culture (37%), as well as gastric washing (35%) and induced sputum (21%) on-site. Most reported that TB treatment was available (79%), with children at 60% of these sites being offered directly observed therapy. Almost all sites reported that isoniazid (92%), rifampicin (92%) and pyrazinamide (89%) were standard drugs in first-line induction therapy for TB in children, while 44% included ethambutol and 13% included streptomycin as additional options. Although 71% of sites reported using efavirenz in the initial ART regimens in children older than three years of age during TB treatment, 79% used efavirenz or nevirapine. IQR, interquartile range; PMTCT, prevention of mother-to-child HIV transmission programme. *Data listed as N (%) unless otherwise specified.
Antiretroviral drug access and monitoring
Sites reported having better access to stavudine-based (68% with easy access) than to zidovudine-based (25% with easy access) antiretroviral fixed-dose combinations for children. Atazanavir was not available or not used in children in 98% of African sites and 50% of Asian sites. There was no single dominant method to assess paediatric treatment adherence, with 40% of sites monitoring pill counts and 24% relying on RNA viral load testing. Multiple interventions to support adherence were utilized beyond counselling, including having a pharmacist on the core clinical team (73%), routine reviews of medication pick-up (67%) and pill boxes or blister packs (48%). HIV DNA PCR, CD4 and RNA PCR testing were widely available across the regions, with reduced access to plasma HIV-1 RNA viral load in Central and West Africa (Table 2) . CD4 was regularly monitored in 95% of sites, with less frequent monitoring of HIV-1 RNA (38%), creatinine (48%) and cholesterol levels (35%). Asian and Southern African sites had the highest overall levels of laboratory monitoring.
Discussion
The World Health Organization (WHO) and UNAIDS' ''Treatment 2.0'' is a global framework whose objective is to achieve universal access for adults and children living with HIV infection through simplified treatment with optimized drug regimens, point-of-care diagnostics and decentralized service delivery [14] . Given that a major challenge for paediatric HIV care is to start all children under two years of age on ART, a critical step in achieving these goals is to better understand current programme resources and operations at the country and regional level.
Paediatric IeDEA is a multicentre, international collaboration of paediatric HIV treatment programmes in Asia and Africa that forms an operational research network to describe paediatric HIV care and treatment programmes, treatment outcomes and their determinants. Characterizing intra-and inter-country differences in current paediatric HIV care and treatment management programmes can help to guide the development of clinical practice guidelines, improve understanding of local resource availability and inform policy and programmes by examining various models of care, clinical outcomes and operational issues over time. However, ongoing changes inherent to progressive regional ART scale-up and international prevention and treatment guidelines make cross-regional comparisons over time even more challenging. In addition, the sites participating in this survey were predominantly in urban settings and the survey characterizes resources reflecting the highest levels of HIV care and treatment for children in these countries. Although they may not necessarily be representative of the local HIV programmes, many are national referral centres that provide advice and direction for paediatric HIV care throughout the different regions.
Although clinical resources and access to paediatric antiretroviral formulations were generally high, there was some variation between the regions. African and Asian sites notably differed with regards to infant feeding recommendations. International guidelines promote the use of exclusive breastfeeding due to higher levels of morbidity and mortality in non-breastfed infants [15, 16] , but some Asian countries continue to recommend exclusive formula feeding when feasible and provide support for free formula (e.g. Thailand, Vietnam, Malaysia, China) [17, 18] . Some sites discontinued cotrimoxazole prophylaxis after immune recovery, despite the current WHO recommendations to continue it. With regards to antiretroviral drug availability, African sites tended to have easier access to tenofovir and abacavir than Asian sites (data not shown), which may reflect the more frequent eligibility for US PEPFAR pricing for drug procurement in subSaharan Africa. Definitions of loss to follow-up were inconsistent, which may impact future reporting. In addition, Central and West African sites tended to have less frequent viral load monitoring.
Conclusions
To assess the long-term outcomes of ART in perinatally infected children as they age into adolescence, national paediatric HIV programmes in resource-constrained settings will need to expand their focus beyond diagnosis and early monitoring to a chronic disease model. More complex laboratory monitoring and targeted sub-cohort studies of toxicities and disease complications will also be needed to understand the impact of HIV and its treatment on adolescents and perinatally infected adults. Multiregional platforms like IeDEA have the capacity to facilitate this more advanced research agenda, promote data harmonization and guide national programmes and inform global policy.
